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Year CI Construct Author(s)
1992 Forces Hestenes, et al.
2001 Electricity & magnetism Maloney, et al.
2005 Geoscience Libarkin & Anderson
2006 Greenhouse effect Keller











































*CIE: Concept Inventory Exercise 
Phases and Methods Involved in the Construction of the Introduction to Oceanography Concept Inventory Survey (IO-CIS)
Development Phases
Qualitative Methods
Phase I. Phase II. Phase III. Phase IV.
Evaluation Phase
Quantitative Methods
10. Conduct “think-aloud” 
student interviews 
11. Refine Q&A language 
and figures, and interview 
experts and novices with 
modified Q&As  
12. Post-instruction test 
and statistical analyses 
13. Paired pre- & post-
instruction tests and 
statistical analyses 
14. Pre-instruction test 
and statistical analyses
Cycle for each course module  
(i.e. 1 CIE/module) 
1. Identify critical concepts 
2. Define learning goals 
3. Develop & refine CIE* 
open-response Qs 
4. Interview experts and 
novices with CIE* Qs 
5. Administer CIE* 
6. Code & bin CIE* 
8. Use student language to 
write answer options 
9. Convert CIE* Qs into 
multiple-choice Qs, and 
interviews experts and 
novices with converted Qs 
7. Discard or keep  
CIE* questions 
15. IRT statistical analysis 
16. Refine IO-CIS 
 Statistical analyses of student responses were used 
to evaluate individual Qs and overall CI
Section Instructor Pre/Post Responses
A 1 Post 81
B 1 Pre 152
B 1 Post 139
C 2 Pre 92
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 Assumptions:
 (1) Unidimensionality
 (2) Observed score = Actual score + Error
 Statistics:
 (1) Internal consistency & reliability (Kuder‐
Richardson Formula 20; Cronbach alpha)
 (2) Item difficulty
 (3) Item percent discrimination
 (4) Instrument discrimination (COES)
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 Internally consistent & reliable 
 KRF20 = 0.57
 Cronbach alpha = 0.73
 Discriminating & good length 
 COES = 0.51  (goal btw. 0.3 and 0.6)
 Spread of item difficulty (70% spread)
 Spread of item percent discrimination (50% spread)
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Spread in Item Discrimination
[Example of the data]
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 Assumptions:
 (1) Unidimensionality
 (2) Local independence
 Statistical models:
 (1) 1‐parameter (Rasch)
 (2) 2‐parameter 
 (3) 3‐parameter
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Item Characteristic Curve [Examples of the data]
 Shorter CI: 7 Qs out
 1 deemed too difficult
 6 have interchangeable difficulty 
levels with other Qs
 Can create different 16‐item versions of the CI by 
exchanging Qs with similar difficulty levels
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 Internally consistent (Cronbach alpha =  0.69)
 16‐item CI provided a slightly better fit to the IRT 
model than the 23‐item CI
 Spread of item difficulty (3.59 normal deviates)
 Spread of item discrimination (0.92)
 Can be further refined with greater response pool
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Potential Pluses Potential Minuses
CTT Simple stats Ability & difficulty 
Detect poorQs with 
even low n
Sample dependent (recalc)
IRT Ability & difficulty Larger n
Sample independent Involved stats
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 CTT & IRT statistics both used to evaluate IO‐CIS 
 Statistical evidence for reliability
 Validity argument based on qualitative methods 
used in development phases
 Has potential to be refined for wider use
 Overall approach developed for constructing the 
IO‐CIS is transferable to the development of 
concept inventories in other areas and disciplines.
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 Science Education Initiative for funding
 CU‐B, GSU, & UNL for support of the research
 All participating students
 Thomas Marchitto, CU‐Boulder
 Baylor Fox‐Kemper, CU‐Boulder
 Derek Briggs, CU‐Boulder
 Jennifer Hsia, University of South Dakota
 William Schweinle, University of South Dakota
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Questions & Discussion …
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Possible Points of Discussion
(1) What is the value in rigorously developing assessments?
(2) To what extent do faculty admin pre/post assessments?
(3) What role does assessment in play under the umbrella of 
UNL’s ACE program, state, and national calls to improve 
STEM education?
